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Safety and quality of healthcare provision are affected by a number of factors. These factors include the
clinical skills of the treating surgeon or other physician, but also the way practitioners think and behave
as members of a healthcare team, and the clinical environment in which care is provided. We ﬁrst discuss
Bahal et al.’s paper as a demonstration of the Systems Approach to clinical performance and patient
safety. We then highlight recent advances driven by the Systems Approach in understanding and
measuring clinical decision-making, teamworking, and the clinical environment. We conclude that
human factors research can provide an understanding of how to balance conﬂicting opinions and
priorities in clinical care with the best interests of the patient, in a manner which allows each doctor to
fulﬁl their duty of care.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
In the past few years, there has been a dramatic increase in the
literature on human factors-related research in healthcare contexts.
Key drivers include an increased awareness of safety issues,
ongoing changes to clinical practice (e.g., European Working Time
Directive), and recent developments in both training and operative
technologies. These papers typically focus on various aspects of
physicians’ behaviour or thinking processes that either contribute
positively or introduce impediments to safe and efﬁcient care
delivery. The quality of communication and coordination in clinical
teams, leadership exercised by senior physicians, and factors that
impact on decision-making are some of the key topics explored.1–6
The paper by Bahal et al.’s7 is a case study illustrating a range of
human factor issues in care delivery. The authors describe a situation
of conﬂicting advice to the High Dependency Unit (HDU) team by
a cardiologist and a surgeon. The former is asking for a surgical
patient to be anticoagulated as he is at risk of stroke; the latter is
asking for the patient not to be anticoagulated as he is at risk of
a post-operative haemorrhage. The reasons for the recommenda-
tions are not explained to the HDU team by either specialist. More-
over, when the HDU Consultant asks the two specialists to discuss
the case, the surgeon responds that there is no reason for thex: þ44 207 886 6309.
alis).
ciates Ltd. Published by Elsevier Ltcardiologist to be involved. Matters become further complicated
with additional views from the on-call haematologist, who advises
a risk–beneﬁt analysis of anticoagulating, and the patient, who asks
the team to make the decision for him. Eventually, the patient is
not anticoagulated, recovers, and is discharged from HDU.
This case showcases a number of elements that current human
factors research strives to better understand, measure, and improve
as required. In particular, it demonstrates the relevance of what has
been termed the ‘Systems Approach’ to human error and patient
safety.8–10 The Systems Approach postulates that care processes
and patient outcomes are a complex function of a number of factors
(Fig. 1):
 Individual clinical skills: these include technical skills (e.g.,
diagnostic skill, complex hand-eye coordination in surgery),11
but also ‘non-technical skills’ (e.g., decision-making in the face
of uncertainty and conﬂicting advice).12–14
 Teamwork within and between care teams: teamworking skills
include communication within teams (e.g., operating theatre
staff with each other during surgery15) as well as between
teams (e.g., operating surgeon and HDU team or Surgeon and
Cardiologist). Other relevant skills are team leadership, team
coordination, and provision of back up to other team-members
when needed.1,3
 Clinical environment: the environment in which care is
provided (e.g., HDU), with its physical (temperature, noise) and
human aspects (interruptions, time pressure).16,17d. All rights reserved.
Fig. 1. Systems Approach to clinical performance and error applied to surgery.
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case study. Firstly, there is the issue of decision-making in the face
of uncertainty and in the presence of conﬂicting information
(individual skill). The HDU Consultant has to mentally integrate the
advice of three specialists, contemplate what the patient’s best
interests are in the face of the risks and beneﬁts of anticoagulating,
and ﬁnally opt for one or the other treatment.
Secondly, there is the issue of teamwork (teamwork in care teams)
which is evidently lacking in this case. On the one hand, the surgeon
did not consider the cardiologist’s involvement necessary – i.e.,
arguably did not treat the cardiologist as a team-member. On the
other hand, the cardiologist took a rather passive stance, asking to be
called rather than getting in touch with the surgeon directly.
Furthermore, the team had not discussed the requirements for this
patient pre-operatively, so coordination of care in advance of the
patient being transferred to HDU was rather poor. Although the
procedure (hernia repair) was carried out as an emergency, his
anticoagulation status would no doubt have come to light in the
routine work-up for surgery and again during the pre-operative
anaesthetic check. A simple phone call by either the admitting
surgeon or the anaesthetist to the cardiologist at that stagemay have
prevented this controversy through better coordination.
Thirdly, although not salient in the paper, there is the issue of
the environment in which all these interactions took place (clin-
ical environment). The ubiquitous pressures, interruptions, and
stressors in care delivery, which can be assumed in the HDU, as well
as in surgery and cardiology departments, could have only made
the Consultants’ task of communicating and coordinating care even
more challenging.
This case study offers validation evidence for the applicability of
the Systems Approach to everyday clinical care. The key beneﬁt of
the approach is that it offers a comprehensive framework and
a ‘language’ for understanding such case studies, and for guiding
learning. Importantly, it also allows for the development and
evaluation of interventions that can address some of the issues
raised by Bahal et al.’s and others.18 For example, an emerging body
of research shows that surgeons’ decision-making process can be
captured and studied qualitatively19 and quantitatively.20 Tech-
niques such as clinical judgement analysis have been used
successfully to capture the key factors that surgeons are weighing
up in their minds when judging operative risks or making treat-
ment plans and allows for a comparison to be made with gold
standards, when these are available.21 Progress has also been made
in understanding the surgical environment. Studies in the oper-
ating theatre have shown that quantitative, direct observation of
interruptions and stressors in surgical work is feasible and have
found that surgical teams are often distracted, with evident impact
on operative time and likely impact on concentration.17,22–24From the perspective of team skills and functioning, tools such
as NOTECHS25 and OTAS26 (Observational Teamwork Assessment
for Surgery) capture via direct observation a range of interpersonal
and cognitive skills, including communication, coordination, and
leadership in surgeons, but also in anaesthetists and nurses. These
tools offer a systematic, transparent assessment of skills that are
difﬁcult to capture, but are considered of paramount importance
for safe and efﬁcient care provision. Such direct measurement of
these skills allows for feedback and learning and ultimately to an
improvement in patient care.
In our institution, simulation-based training programmes to
educate clinicians in these skills have been systematically devel-
oped and shown to be both effective and valuable.27,28 Currently,
we have been running a voluntary simulation-based team skills
training programme for trainee and Consultant surgeons. From
a Systems perspective, this half-day training aims to increase
participants’ awareness of behaviours that can enhance safety in
the operating theatre so that they realise that human behaviour, in
addition to technical dexterity, can make an operation easier or
more cumbersome. Each simulation exercise is followed by detailed
debrieﬁng, in which feedback is provided by trained faculty (Con-
sultant surgeon and anaesthetist; Psychologist), who also provide
strategies for improvement. For Consultant participants, a key
aspect of this training is the debrieﬁng of non-technical skills at the
end of the simulation. Already technical experts, these Consultants
appreciate the feedback provided in terms of how best to cope with
increased demands and manage stress while operating.29 Impor-
tantly the tools to rate non-technical performance (NOTECHS;
OTAS) are only used to provide formative feedback and not to make
any summative assessment or appraisal. This is essential in making
such training ﬁrst of all acceptable to participants. Another reason
for this is that the evidence base behind these tools is not yet
developed enough to allow scientiﬁcally robust and clinically fair
assessment. Furthermore, using scales such as NOTECHS or OTAS
requires an understanding of the ratings and behaviours they are
designed to capture – as such, faculty training (e.g., that provided
by the Royal College of Surgeons of England) is imperative.
High ﬁdelity simulation, however, is not a prerequisite to
implementing the Systems Approach to clinical care. Less resource-
intensive alternatives exist. Routine elements of the surgical week,
such as post-take ward round and mortality and morbidity meet-
ings, also provide an opportunity for educational discussions on
potential errors and strategies for mitigation. Here, a structured
presentation on the case, complications and root cause analysis of
errors is invaluable for identifying learning and preventing further
mishaps. We are currently in the process of conducting a study to
investigate whether a structured tool and teaching intervention
improves the identiﬁcation of systems causes and, therefore,
learning from mortality and morbidity meetings.
2. Conclusion
Clinical case studies, such as that by Bahal et al.’s, help to
demonstrate key behavioural issues in care delivery. These issues,
related to how physicians and surgeons act as members of care
teamsunder the inﬂuence of servicedeliverypressures andpatients’
desires, have traditionally been left out of training curricula and
mainstream clinical research. In the past few years, this has been
changing. An increasing number of original research papers using
research approaches from behavioural and social sciences and
engineering, are paving the way for better understanding of human
factors in healthcare delivery. Surgical training using simulators is
increasingly taking a team-based approach, embedding trainees
into teams and honing their non-technical skills inmanaging people
and crises in the operating theatre. The Systems Approach is the
S. Arora, N. Sevdalis / International Journal of Surgery 8 (2010) 164–166166framework that has been guiding much of this research, providing
a set of concepts and common language for surgeons to discusswith
psychologists and engineers what the problems are and how they
can be addressed. Expansion of the human factors evidence base is
a keyelement in improving clinical training for trainee surgeons and
physicians as well as care processes for patients. Ultimately, the
Systems Approach may provide the understanding required to
balance high stake decisionswith the best interests of the patient, in
amanner which allows each doctor to fulﬁl their duty of care – both
as an individual practitioner and within a healthcare team.
Conﬂict of interest
The authors have no conﬂict of interest.
Funding
The Clinical Safety Research Unit is afﬁliated with the Centre for
Patient Safety and Service Quality at Imperial College Healthcare
NHS Trust, which is funded by the National Institute of Health
Research (NIHR).
Ethical approval
None.
References
1. Manser T. Teamwork and patient safety in dynamic domains of healthcare:
a review of the literature. Acta Anaesthesiol Scand 2009;53:143–51.
2. Studer P, Inderbitzin D. Surgery-related risk factors. Curr Opin Crit Care
2009;15:328–32.
3. Jeffcot SA, Mackenzie CF. Measuring team performance in healthcare: review of
research and implications for patient safety. J Crit Care 2008;23:188–96.
4. Makary MA, Sexton JB, Freischlag JA, Millman EA, Pryor D, Holzmueller CBLA,
et al. Patient safety in surgery. Ann Surg 2006;243:628–35.
5. Donaldson L. The search for safer surgery. Int J Surg 2005;3:7–9.
6. Sarker SK, Vincent CA. Errors in surgery. Int J Surg 2005;3:75–81.
7. Bahal N, Papanikitas A, Sokol DK. A bleeding controversy: duties and decisions
in the face of conﬂicting advice. Int J Surg, doi:10.1016/j.ijsu.2009.10.002.
8. Calland J, Guerlain S, Adams R, Tribble CG, Foley E, Chekan EG. A systems
approach to surgical safety. Surg Endosc 2002;16:1005–14.
9. Vincent C, Moorthy K, Sarker SK, Chang A, Darzi AW. Systems approaches to
surgical quality and safety: from concept to measurement. Ann Surg
2004;239:475–82.
10. Undre S, Arora S, Sevdalis N. Surgical performance, human error and patient
safety in urological surgery. Br J Med Surg Urol 2009;2:2–10.11. Moorthy K, Munz Y, Sarker SK, Darzi A. Objective assessment of technical skills
in surgery. Br Med J 2003;327:1032–7.
12. Mitchell L, Flin R. Non-technical skills of the operating theatre scrub nurse:
literature review. J Adv Nurs 2008;63:15–24.
13. Yule S, Flin R, Paterson-Brown S, Maran N. Non-technical skills for surgeons.
A review of the literature. Surgery 2006;139:140–9.
14. Fletcher GC, McGeorge P, Flin RH, Glavin RJ, Maran NJ. The role of non-technical
skills in anaesthesia: a review of current literature. Br J Anaesth 2002;88:
418–29.
15. Undre S, Sevdalis N, Healey AN, Darzi A, Vincent CA. Teamwork in the operating
theatre: cohesion or confusion? J Eval Clin Pract 2006;12:182–9.
16. Grundgeiger T, Sanderson P. Interruptions in healthcare: theoretical views. Int J
Med Inform 2009;78:293–307.
17. Sevdalis N, Arora S, Undre S, Vincent CA. Surgical environment: an observa-
tional approach. In: Flin R, Mitchell L, editors. Safer surgery: analyzing behaviour
in the operating theatre. Ashgate; 2009. p. 405–19.
18. Papanikitas AN. Obstetrician vs. paediatrician: does inter-professional indif-
ference compromise emergency caesarean safety? Int J Surg 2008;6:5–6.
19. Jacklin R, Sevdalis N, Darzi A, Vincent CA. Mapping decision-making in surgical
practice – an interview study to evaluate decisions in surgical care. Am J Surg
2008;195:689–96.
20. Jacklin R, Sevdalis N, Harries C, Darzi A, Vincent CA. Judgment analysis:
a method for quantitative evaluation of trainee surgeons’ judgments of surgical
risk. Am J Surg 2008;195:183–8.
21. Bachmann LM, Mu¨hleisen A, Bock A, Ter Riet G, Held U, Kessels AGH. Vignette
studies of medical choice and judgement to study caregivers’ medical decision
behaviour: systematic review. BMC Med Res Methodol 2008;8:50.
22. Sevdalis N, Healey AN, Vincent CA. Distracting communications in the oper-
ating theatre. J Eval Clin Pract 2007;13:390–4.
23. Sevdalis N, Forrest D, Undre S, Darzi A, Vincent CA. Annoyances, disruptions
and interruptions in surgery. The disruptions in surgery index (DiSI). World J
Surg 2008;32:1643–50.
24. Arora S, Sevdalis N, Nestel D, Tierney T, Woloshynowych M, Kneebone RL.
Managing intra-operative stress: what do surgeons want from a crisis training
programme? Am J Surg 2009;197:537–43.
25. Sevdalis N, Davis RE, Koutantji M, Undre S, Darzi A, Vincent CA. Reliability of
a revised NOTECHS scale for use in surgical teams. Am J Surg 2008;196:
184–90.
26. Sevdalis N, Lyons M, Healey AN, Undre S, Darzi A, Vincent CA. Observational
teamwork assessment for surgery: construct validation with expert vs. novice
raters. Ann Surg 2009;249:1047–51.
27. Undre S, Koutantji M, Sevdalis N, Gautama S, Selvapatt N, Williams S, et al.
Multidisciplinary crisis simulations: the way forward for training surgical
teams. World J Surg 2007;31:1843–53.
28. Moorthy K, Munz Y, Adams S, Pandey V, Darzi A. A human factors analysis of
technical and team skills among surgical trainees during procedural simula-
tions in a simulated operating theatre. Ann Surg 2005;242:631–9.
29. Arora S, Sevdalis N, Nestel D, Woloshynowych M, Darzi A, Kneebone RL. The
impact of stress on surgical performance: a systematic review of the literature.
Surgery, in press.
